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INTEGRATED PROCESS FOR THF: PRODUCTION 

OF OLEFIN DEPJVATR^S 
The present invention relates to a process for the production of olefin derivatives 
from a mixed olefin/alkane feedstream. More particularly the present invention relates 
to an integrated process for the production of olefin derivatives, said integrated process 
comprising both cracking and olefin derivative processes. 
5 Numerous processes are known for the cracking of a hydrocarbon feedstock to 

produce olefin containing streams. For example, non-catalytic cracking processes such 
as steam cracking and contacting with hot non-catalytic particulate solids are described 
in US 3,407,789, US 3,820,955, US 4,499,055 and US 4,814,067, and catalytic cracking 
processes such as fluid catalytic cracking and deep catalytic cracking are described in 
10 US 4,828,679, US 3,647,682, US 3,758,403, US 4,814, 067, US 4,980,053 and US 
5,326,465. A further process for production of an olefin containing sti earn is auto- 
thermal cracking, as described in, for example, US 5,382,741 and US 5,625,1 11. 

The olefins produced may themselves be used as feedstocks for olefin derivative 
processes. Numerous such processes are also known and include, for example, the use 
15 of olefins in polymerization processes to produce polyethylene, polypropylene and other 
polymers. 

Conventionally the olefins stream produced from the cracking process has 
undergone extensive and costly purification to produce high purity olefin streams, often 
>99% wt% olefin, for use in the olefin derivative process. One of the most costly 
20 purification steps is the separation of olefins and alkanes of the same carbon number. 

More recently, Purvis et al., US 5,981,818, have described a method of 
integrating cracking and olefin derivative processes utilizing dilute olefins, i.e. olefin 
streams containing significant quantities of saturated inert hydrocarbons. The olefin 
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derivative processes described have relatively high conversion of olefins to olefin 
derivatives. The off-gas from the olefin derivative process thus contains little olefin and 
may be recycled to the cracker. 

Olefins, and other unsaturated hydrocarbons, in the feed to a steam cracker will 
5 cause carbonaceous fouling of the process equipment, hi general, the propensity to 
cause fouling will depend on the nature of the unsaturated hydrocarbon and its 
concentration. Nevertheless, even low levels of olefins v/ill cause fouling and reduce the 
run-time of the steam cracker fiimace (before the cracker must be stopped and cleaned). 
Therefore it is desirable to reduce the concentration of unsaturated hydrocarbons, such 

10 as olefins in the feed to the steam cracker, or short furnace run-times must be tolerated, 
with consequent financial and operational disadvantages. 

Thus, the method of Purvis et al. would not apply for olefin derivative processes 
that are not high conversion processes, since in these processes the off-gas will still 
contain significant quantities of olefin and alkane. 

15 Unless the amount of olefin in the off-gas stream is less than about 5mol%, such 

streams, if recycled to the cracker, can cause significant problems with coke formation, 
and significantly reduce run-times, due to the increased levels of olefin in the feed to the 
cracker. Although the recycle stream is diluted with "firesh" alkane-containing feed 
before being fed to the cracker, this "firesh" feed may also comprise alkene, and hence, 

20 depending on the relative amoimts of recycle stream and fi-esh feed mixed, the level of 

olefins in the mixed feed can reach levels significantly above that in the "firesh" alkane- 

« 

containing feed alone. In addition, even small increases in the levels of alkene in the 
feed to a cracker will reduce run-times, and due to the scale of present-day commercial 
steam cracking processes small changes in run-time can be conmiercially significant. 
25 Hence separation of olefin and alkane would still be required before recycle to the 
cracking process. 

Although the off-gas stream comprising alkane and olefin may be recycled to the 
olefin derivative unit to improve conversion, without separation of "inert" impurities, 
such as the alkane, this will lead to a build-up of the "inert" impurities in the process. 
30 Hence separation of alkane from olefin is still required, 

Keucher et aL, WO 02/06188 describe an alternative system for production of an 
olefin derivative firom a dilute olefins stream. In this system a high qualit>' dilute olefins 
stream from an olefin unit is fed to an olefin derivative unit to produce an olefin 
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derivative product. Unreacted olefin is separated from the vent stream in an olefins 
separation unit and recycled to the olefin derivative unit. A purge stream comprising 
ethane and lighter components is also produced and may be sent as a feed to an olefin 
unit. However the process of Keucher still employs significant olefin/alkane separation 
processes to prevent recycle of unreacted olefin fi-om the olefin derivative unit to the 
olefin unit. 

Hence an improved integrated process for an olefin unit and an olefin derivative 
unit is still required, in particular for an olefin derivative unit where the off-gas contains 
more than about 5mol% olefin. 

In a first aspect the present invention provides a process for the production of an 
olefin derivative, which process comprises the steps of: 

(a) cracking a paraffmic hydrocarbon containing feedstock to produce a first dilute 
olefins stream comprising both olefins and alkanes, 

(b) reacting at least a portion of said first dilute olefins stream produced in step (a) 
to produce a first olefin derivative streanti, comprising a first olefin derivative, arid a 
second dilute olefins stream, comprising alkanes and at least 5 mol% unreacted olefins, 

(c) auto-thermally cracking at least a portion of said second dilute olefins stream 
produced in step (b), said portion comprising alkanes and at least 5 mol% unreacted 
olefins. 

Dilute olefins streams, as used herein, refers to olefin streams comprising both 
olefins and alkanes, for example, both ethylene and ethane. The dilute olefins streams 
preferably comprise at least lwt% alkane. Preferably, the first dilute olefins stream 
comprises at least 50%, and up to 99%, by weight of olefin. The first dilute olefins 
stream may comprise at least 75wt% olefin, such as at least 90wt% olefin. The first 
dilute olefins stream preferably comprises up to 50wt% alkane, such as up to 10wt%. 

■ • 

The composition of the second dilute oJefins stream will generally comprise less 
olefin than the first dilute olefins stream due to olefin conversion to produce the first 
olefin derivative in step (b). In particular, the olefin content of the second olefiiis stream 
will depend on the olefin content and the olefin conversion of the portion of the first 
dilute olefins stream reacted in step (b). 

The cracking step (a) of the present invention may be performed using any 
suitable cracking process, such as a non-catalytic cracking process, for example steam 
cracking, a catalytic cracking process, or an autothermal cracking process. The cracking 
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process of step (a) is preferably selected from (i) thermal cracking processes, for 
example of naphtha, (ii) steam cracking processes, for example of an alkane, of a 
mixture of alkanes or of naphtha and (iii) autothermal cracking processes, for example 
of an alkane, of a mixture of alkanes or of naphtha. 

5 Thus, the paraffinic hydrocarbon containing feedstock fed to step (a) of the 

process of the present invention may suitably comprise a single alkane, such as ethane, a 
mixture of alkanes, such as NGL (natural gas liquids), or naphtha. The paraffmic 
hydrocarbon containing feedstock may additionally comprise one or more vmsaturated 
hydrocarbons, one or more inert compounds (such as nitrogen), hydrogen and/or carbon 

1 0 oxides (said compounds being in addition to any such compounds that may be produced 
and recycled where the cracking step (a) is performed using ah autothermal cracking 
process). 

Auto-thermal cracking processes are described in, for example, US 5,382,741 
and US 5,625,1 1 1. In an autotheraial cracking process, paraffinic hydrocarbon- 
1 5 containmg feedstock is reacted in the presence of a catalyst capable of supporting 
combustion beyond the normal fuel-rich limit of flammability, to produce a stream 
comprising olefins and alkanes. 

It has now been found that auto-thermal cracking processes may be operated 
with higher levels of olefin in the feed than for cracking processes such as steam 
20 cracking. 

In the first aspect of the present invention, at least a portion of the second dilute 
olefins stream is auto-thermally cracked. Because the auto-thermal cracking process of 
step (c) may be operated with higher levels of olefin in the feed than a non-autothermal 
cracking process, at least a portion of the second dilute olefins stream may be passed to 

25 the auto-thermal cracker without treatment to separate the olefin from the alkane. 
Preferably the portion of the second dilute olefins stream passed to the autothermal 
cracker comprises at least 50% of the alkane and at least 50% of the olefin in the second 
dilute olefins stream, especially at least 80% of the alkane and at least 80% of the olefin 
in the second dilute olefins stream. Most preferably the portion of the second dilute 

30 olefins stream passed to the autothermal cracker comprises essentially all of the alkanes 
and of the olefins in the second dilute olefins stream. The whole of the second dilute 
. olefins stream may be passed directly to the auto-thermal cracldng step, or, 

alternatively, the second dilute olefins stream may be treated to remove one or more 
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components other than alkane and olefin therefrom, prior to the auto-thermal cracking 
step. Optionally, additional alkane-containing feed may be added to (the at least a 
portion of) the second dilute olefins stream before auto-thermal cracking. The additional 
feed may also comprise a low level of alkene. 
5 The concentration of olefin (unreacted olefin fi-om the second dilute olefins 

stream and additional olefin that may be present in any additional alkane-containing 
feed) in the feed to the auto-themial cracking step may thus be greater or lower than that 
in the second dilute olefins stream. Typically, the concentration of olefin in the feed 
passed to the auto-themial cracking step is at least 4 mol%, such as at least 5 mol%. 
10 Such levels could cause significant coking in cracking processes such as steam 

cracking. 

In one embodiment of the first aspect of the present invention the cracking step 
(a) is performed using a different cracker than the auto-thermal cracking step (c). Thus, 
both an auto-thermal cracker and a non-auto-thermal cracker, for example a steam 

1 5 cracker, may be used for the process of the invention. Both an auto-thermal 

cracker and a non-auto-thermal cracker may be present in the same location, for 
example, where the non-auto-thermal cracker has been debottlenecked by addition of an 
auto-thermal cracker. In this embodiment, the product fi"om the auto-thermal cracking 
step (c), may be preferably added to the first dilute olefins stream obtained firom step 

20 (a), prior to reaction of said stream in step (b). The non-auto-thermal cracking process 
of this embodiment is preferably a thermal cracking process, for example of naphtha, or 
a steam cracking process, for example of an alkane, of a mixture of alkanes or of 
naphtha. 

Most preferably, the cracking step (a) in the first aspect of the present invention 
25 is an auto-thermal cracking step, as in step (c). Hence in a preferred embodiment, the 
first aspect provides a process for the production of an olefin derivative, which process 
comprises the steps of: 

(a) auto-thermally cracking a feed comprising a paraffinic hydrocarbon containing 
feedstock and a recj^cle stream to produce a first dilute olefins stream comprising both 

30 olefins and alkanes, 

(b) reacting at least a portion of said first dilute olefins stream produced in step (a) 
to produce a first olefin derivative stream, comprising a first olefin derivative, and a 
second dilute olefins, stream, comprising alkanes and at least 5 mol% imreacted olefins, 
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. (c) recycling at least a portion of said second dilute olefins stream produced in step 
(b) as the recycle stream in the auto-thermal cracking step of step (a), said portion 
comprising alkanes and at least 5 mol% unreacted olefins. 

In this preferred embodiment of the first aspect of the present invention, at least 
a portion of the second dilute olefins stream is recycled to the auto-diermal cracking 
step (a). As described previously, the whole of the second dilute olefms stream may be 
recycled directly to the auto-thermal cracking step, or, alternatively, the second dilute 
olefms stream may be treated to remove one or more components other than alkane and 
olefin therefrom, prior to recycle to the auto-thermal cracking step. The paraffinic 
hydrocarbon containing feedstock naay comprise a low level of alkene, for example as 
an impurity, typically at a level of 1 to 3mol%. 

Thus, the concentration of olefin (unreacted olefin recycled from the second 
dilute olefins stream and additional olefin that may be present in paraffinic hydrocarbon 
containing feedstock) in the feed to the auto-thermal cracking step (a) may be greater or 
lower than that in the second dilute olefins stream. Typically, the concentration of olefin 
in the feed to the auto-thermal cracking step (a) is at least 4 mol%, such as at least 5 
mol%. 

The auto-themial cracking process may be operated at any suitable pressure, 
such as, for example from 1 to 40 bar. Especially in the preferred embodiment of the 
first aspect of the present invention, where step (a) is an auto-thermal cracking step, the 
auto-thermal cracking process is preferably operated at a suitable pressure 
corresponding to the pressure of the first olefin derivative process i.e. to the process 
utilised in step (b) for reacting at least a portion of said first dilute olefins stream 
produced in step (a) to produce a first olefin derivative stream. For example, if the first 
olefin derivative process operates at relatively low pressures, such as 10 bar, it may be 
advantageous to operate the auto-thennal cracking process at a pressure from 5 to 15 
bar, preferably 8 to 12 bar, to reduce the amount of compression required between the 
processes for the first dilute olefins stream and/or for the recycle stream. Similarly, if 
the first olefin derivative process operates at higher pressures, such as 30 bar, it may be 
advantageous to operate the auto-thermal, cracking process at a pressure, for example, 
from 25 to 35 bar. Alternatively, it may be advantageous to operate the auto-thermal 
cracking process at relatively loAV pressures, such as 1 to 5 bar, even with first olefin 
derivative processes that operate at higher pressures than 5 bar. 
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The product stream from cracking process of step (a) (autothermal cracking or 
other) will generally comprise a mixture of olefins and alkanes. Preferably the product 
stream may undergo separation and purification steps, as known in the art, to remove, 
for example, one or more of hydrogen, methane, COx, acetylenic compounds and 
dienes- At least some of the separated compounds, especially hydrogen, acetylenic 
compounds and/or dienes that have been separated where step (a) is an auto-thermal 
cracking step, may be recycled to the cracldng step (a). The product stream also 
preferably undergoes separation to produce, for example, a C2 stream comprising 
predominantly ethane and ethylene, and a C3 stream comprising predominantly propane 
and propylene. These streams may also be subjected to olefin purification steps to 
increase the olefim content. In certain embodiments of the present invention, certain 
components other than the olefins in the product stream may be desired in the first 
olefin derivative process, hi particular, carbon monoxide and/or hydrogen may be 
retained in the product stream, and hence may be present m the first dilute olefins 
stream, where these are reactants in the first olefin derivative process, for example, 
where the first olefin derivative process is a hydroformylation process or a process for 
the production of poiyketones. 

All or part of one or more of the above streams comprising olefin and alkane 
may subsequently be used as the first dilute olefins stream. The extent of separation and 

purification of the product stream required to produce the dilute olefins stream will 

» 

depend on the olefin derivative processes in which the dilute olefins stream is 
subsequently to be reacted. 

However, as the present invention utihzes dilute olefins streams (comprising 
both olefins and alkanes), separation and purification stages will generally be less 
extensive than conventional separation and purification, and/or may allow 
debottlenecking of existing cracking processes - see, for example, US 5,981,818 and 
WO 02/06188. 

In the embodiment of the first aspect of the present invention where the cracking 
step (a) is perfomied using a different cracker than the auto-thermal cracking step (c), 
the product stream from the auto-thermal cracking step (c) will generally comprise a 
mixture of olefins and alkanes. This stream may be treated as described above for the 
product stream from cracking of the paraffinic hydrocarbon-containing feedstock, for 
example, in a series of separation and purification steps, to give an olefins stream 
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suitable for a subsequent olefin derivative process. For example, the product stream 
from the auto-thermal cracking step (c) may be treated to produce a dilute olefins 
stream, which can subsequent!}' be combined with the first dilute olefins stream 
produced in step (a) and reacted in step (b). Preferably the product stream from the auto- 
thermal cracking step (c) is added to the product stream from the cracking step (a), and 
the combined stream subjected to separation and purification as described above to give 
the first dilute olefins stream for step (b). This has the advantage that only one 
purification train is required. 

The first dilute olefins stream is subsequently reacted to produce a first olefm 
derivative. This step may comprise reaction of the first dilute olefins stream in any 
suitable first olefin derivative process. The present invention has the advantage that 
olefin derivative processes that have relatively low olefin conversion may be employed, 
using dilute olefins streams, as the first olefin derivative process, and without requiring 
physical separation of the olefin and alkane from the off-gas (second dilute olefins 
stream). Hence the cost of producing high purity olefins streams as a feed or the cost of 
subsequent separation of the olefin and alkane can be avoided. 

By low olefin conversion is meant less than 80% olefin conversion, such as 70% 

or lower. 

Li addition, certain olefin derivative processes which are conventionally 
operated at high conversion, such as having high conversion per pass or by recycle of 
unreacted olefin to produce high overall conversion, may advantageously be operated as 
lower conversion processes according to the process of the present invention since the 
unreacted components may be further utilised. 

By high conversion is nieant a process that produces a product stream 
comprising less than 5mol% olefins, preferably less than 3mol% olefins. Suitable 
processes typically have an olefin conversion of at least 95%. In particular, olefin 
derivative processes which are conventionally operated at high overall conversion by 
recycle of unreacted olefin often require a significant purge to prevent build-up of 
unreactive components in the recycle. The purges are often disposed of, for example by 
venting. Operating at a lower conversion (by reducing the recycle to the olefin, 
derivative process) and recycling to an autothermal cracker according to the process of 
the first aspect of the present invention can reduce the requirement for a purge. 

Where the dilute olefins stream comprises ethylene, suitable olefin derivative 
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processes may comprise, for example, processes for the production of ethanol from 
ethylene and water, for the production of vinyl acetate, ethylene polymerisation 
processes and ethane tolerant processes for the production of ethylene oxide. 

Where the dilute olefins stream comprises propylene, the olefin derivative 
processes may comprise, for example, processes for the production of propylene oxide, 
for the production of acrolein and propylene ammoxidation processes, as well as certain 
processes for the production of polypropylene. 

The olefin derivative processes may also comprise processes utilising mixed 
dilute olefins streams, for example comprising ethylene and propj'lene. Suitable 
processes include, for example, ethylene/propylene co-polymerisation processes. 

Other olefin derivative processes that may suitably be employed in step (b) of 
the present invention include processes for the production of ethyl benzene, the 
production of linear alpha olefins, the metathesis of ethylene with butene to give 
propene, hydroformylation of ethylene or propylene with CO and hydrogen, and 
production of polyketones from olefins and carbon monoxide, such as described in WO 
93/01224. 

Step (b) comprises reacting at least a portion of said first dilute olefins stream to 
produce a first olefin derivative stream and a second dilute olefins stream. Preferably, 
all of the first dilute olefins stream is reacted to produce said first olefin derivative 
stream and said second dilute olefins. stream. However, in one embodiment of the 
present invention, a portion of said first dilute olefins stream may be reacted in one or 
more further olefin derivative processes to produce one or more further olefin derivative 
streams. 

Step (b) may also comprise more than one olefin derivative processes operated 
in series. For example, the first dilute olefins stream may be reacted to produce a first 
olefin derivative stream and an intermediate dilute olefins stream, and at least a portion 
of said intermediate dilute olefins stream may be reacted to produce a further olefin 
derivative stream and a further dilute olefins stream. The further dilute olefins stream, 
and, optionally, any of the intennediate dilute olefins stream not reacted in the further 
olefin derivative unit, can then form the second dilute olefins stream of the invention. 

In the first aspect of the present invention, at least a portion of the second dilute 
olefins stream is reacted in an auto-thermal cracking step, which may or may not be the 
same cracking step as step (a). Preferably, all of the second dilute olefins stream is 
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reacted in the auto-thermal cracking step. In one embodiment of the first aspect of the 
present invention, a portion of said second dilute olefins stream may be reacted in one 
or more further olefin derivative processes to produce one or more further olefin 
derivatives before reacting in the auto-thermal cracking step, for example, before 
recycle to step (a) (v/here the cracking step in step (a) is an auto-thermal cracking step). 

In a second aspect the present invention provides a process for the production of 
an olefin derivative, which process comprises the steps of: 

(a) cracking a paraffinic hydrocarbon containing feedstock to produce a first dilute 
olefins stream, comprising both olefins and alkanes, 

(b) reacting at least a portion of said furst dilute olefins stream produced in step (a) 
to produce a first olefin derivative stream, comprising a first olefin derivative, and a 
second dilute olefins stream, comprising alkanes and at least 5 mol% unreacted olefins, 

(c) reacting at least a portion of said second dilute olefins stream produced in step 
(b), said portion comprising alkanes and at least 5 raol% unreacted olefins, to produce a 
second olefin derivative stream, comprising a second olefin derivative, and a recycle 
stream, comprising unreacted alkane and less than 5mol% olefins, and 

(d) recycling said recycle stream produced in step (c) to the cracking step of step 
(a). 

The cracking process of step (a) of the second aspect is preferably selected firom 
(i) thermal cracking processes, for example of naphtha, (ii) steam cracking processes, 
for example of an alkane, of a mixture of alkanes or of naphtha and (iii) autothermal 
cracking processes, for example of an alkane, of a mixture of alkanes or of naphtha. 

Most preferably the cracking step (a) of the second aspect comprises auto- 
thermally cracking the paraffinic hydrocarbon-containing feedstock. 

Step (b) in the second aspect is preferably as described in the first aspect of the 
invention. 

■ In this second aspect of the present invention, at least a portion of the second 

dilute olefins stream is reacted to produce (in step (c)) a second olefin derivative stream, 
comprising a second olefin derivative, and a recycle stream, comprising unreacted 
alkane and less than 5mol% olefins. The second olefin derivative produced in step (c) 
may be the same or may be different to the first olefin derivative. For example, where 
the dilute olefins stream comprises ethylene and ethane, both the first and second 
ethylene derivatives may be polyethylene products. Alternatively, the first ethylene 
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derivative may, for example, be a pol)^ethylene product and the second ethylene 
derivative may, for example, an ethylbenzene product 

Preferably all of the second dilute olefins stream is reacted to produce said 
second olefin derivative stream, and said recycle stream. However, in one embodiment, 
a portion of said second dilute olefins stream may be reacted in one or more other olefin 
derivative processes to produce one or more further olefin derivatives. 

In the second aspect, step (c) comprises reacting at least a portion of said second 
dilute olefins stream to produce a second olefin derivative stream and a recycle stream 
comprising unreacted alkane and less than 5mol% olefins. Preferably, said recycle 
stream comprises less than 3mol% olefins, and most preferably less than lmol% olefins. 
A low concentration of olefins is preferred where the cracking step of step (a) is a steam 
cracker, since this will have the least detriment on cracker run-times. Hence step (c) 
preferably comprises reacting said at least a portion of said second dilute olefins stream 
in an olefin derivative process of relatively high olefin conversion, such as at least 90% 
conversion, preferably high olefin conversion, such as at least 95% conversion. 

Where the olefin comprises ethylene, the olefim derivative process of step (c) 
preferably comprises a process for the production of ethylbenzene fi-om ethylene and 
benzene or a process for polymerisation or co-polymerisation of ethylene, for example 
by the Phillips Process. 

Where the olefin comprises propylene, the olefin derivative process of step (c) 
preferably comprises a process for the production of polypropylene from propylene. 

The invention will now be exemplified by reference to Figures 1 to 5 and the 
Examples. 

Figure 1 represents in schematic form an integrated process for the production of an 
ethylene derivative according to the first aspect of the present invention. 
Figure 2 represents in schematic form an integrated slurry loop polyethylene process for 
the production of polyethylene according to the first aspect of the present invention. 
Figure 3 represents in schematic form an integrated polyketone process for the 
production of polyketones according to the first aspect of the present invention. 
Figure 4 represents in schematic form an integrated metathesis and polypropylene 
process for the production of polypropylene according to the first aspect of the present 
invention. 

Figure 5 represents in schematic form an integrated polyethylene and ethyl benzene 
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process for the production of polyethylene and ethyl benzene according to the second 
aspect of the present invention. 

Referring to Figure 1, an ethane feed, 10, a recycle-stream, 30 comprising 40% 
ethylene (C2") and 60% ethane (C2), and an oxygen feed, 20, are fed to an ATC reactor, 
5 40. The mixed product stream is treated, 50, to produce a by-products stream^ 60, and a 
furst dilute ethylene stream, 70, comprising approximately 30% ethane and 70% 
ethylene. This dilute ethylene stream is passed to an ethylene derivative process, 80, of 
approximately 70% ethylene conversion per pass. The ethane is inert in said process. 
The olefin derivative product, 90, is separated, along with any other by-products 

1 0 formed, to leave a second dilute ethylene stream comprising ethane and unreacted 

ethylene, having a composition of approximately 40% ethylene and 60% ethane (and 
having approximately half the volume of the first dilute ethylene stream), which is 
recycled to the ATC reactor. 

Referring to Figure 2, ethane, 1, and oxygen, 2, and a recycle stream, 3, 

15 comprising ethane and ethylene, are fed to an ATC reactor, 4. The product stream is 
passed to a quench, 5, from which is separated water and higher hydrocarbons, 6, and 
then to an amine wash, 7, to remove carbon dioxide and further water, 8. The remaining 
product stream is then passed to a demethaniser, 9, to remove hydrogen, carbon 
monoxide and methane, 10, and to a deethaniser, 1 1, to separate C3+ hydrocarbons, 12, 

20 which can be recycled to the ATC reactor, 4. 

The remaining product stream is hydrogenated, 13, to remove acetylenic 
compounds and dienes, to form a first dilute ethylene stream, 14, comprising ethylene 
and ethane, which is passed to a slurry loop polyethylene process, 15, to produce a 
polyethylene product, 16, and a second dilute ethylene stream, 17, comprising ethane 

25 and unreacted ethylene, which is recycled to the ATC reactor, after addition of stream 
12, as recycle stream 3. 

Referring to Figure 3, ethane, 1, and oxygen, 2, and a recycle stream, 3, 
comprising ethane and ethylene, are fed to an ATC reactor, 4. The product stream is 
passed to a quench, 5, from which is separated water and higher hydrocarbons, 6, and 

30 then to an amine wash, 7, to-temove carbon dioxide and further water, 8. The remaining 
product stream is then passed to a deethaniser, 1 1 , to separate C3+ hydrocarbons, 1 2, 
which can be recycled to the ATC reactor, 4. 

The remaining product stream, 14, forms a first dilute ethylene stream 

12 
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comprising ethylene, ethane, carbon monoxide and hydrogen, and is passed to a 
poylketones reactor, 15, where it is reacted to produce a polj^ketone product, 16, and a 
second dilute olefins stream, 17, which is recycled to the ATC reactor, 4, optionally 
after addition of C3+ hydrocarbons., 12, separated fi-om the deethaniser. 

In an alternative polyketone process (not shown), C3 hydrocarbons (propylene 
and propane) are not separated in the deethaniser. 1 1, but are fed to the polyketones 
reactor with the ethylene, ethane, carbon monoxide and hydrogen. 

Referring to Figure 4, ethane, 1, and oxygen, 2, and a recycle stream, 3, 
comprising ethane and ethylene, are fed to an ATC reactor, 4. The product stream is 
passed to a series of separation steps, including a quench, an amine wash, a 
demethaniser, a deethaniser and hydrogenation, as described for Figure 2. 

The remaining product stream, 14, forms a first dilute ethylene stream 
comprising ethylene and ethane, which is passed to a metathesis reactor, 15, where it is 
reacted with a butene feed, 30. The product stream, 31, is passed to a separation train, 
32, such as one or more distillation columns, to separate out unreacted butene, 33, 
propylene, 34 and a second dilute ethylene stream, 17, comprising unreacted ethylene 
and ethane, which is recycled to the ATC reactor, 4, optionally after addition of C3+ 
hydrocarbons, 12, separated firom the deethaniser, 11. Unreacted butenes may be 
recycled to the metathesis reactor, 15. The propene stream, 34, is passed to a 
polypropylene reactor, 35, to produce polypropylene, 36. 

Refeiring to Figure 5, ethane, 1, and oxygen, 2, and a recycle stream, 3, 
comprising ethane, are fed to an ATC reactor, 4. The product stream is passed to a 
quench, 5, from which is separated water and higher hydrocarbons, 6, and then to an 
amine wash, 7, to remove carbon dioxide iand further water, 8. The remaining product 
stream is then passed to a demethaniser, 9, to remove hydrogen, carbon monoxide and 
methane, 10, and to a deethaniser, 1 1, to separate C3+ hydrocarbons, 12, which can be 
recycled to the ATC reactor, 4. 

The remaining product stream, is hydrogenated , 13, to remove acetylenic 
compounds and dienes, and to form a first dilute ethylene stream, 14, comprising 
ethylene and ethane, which is passed to a gas phase polyethylene process, 15, to 
produce a polyethylene product, 16. A second dilute ethylene stream, 17, comprising 
ethane and unreacted ethylene is reacted with benzene, IS, in an ethylbenzene reactor, 
19, to produce ethylbenzene, 20, and a recycle stream, 21, comprising ethane, which is 
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recycled to the ATC reactor, 4, after addition of stream 12, as recycle stream 3. In an 
optional embodiment of Figure 5, a portion of the first dilute ethylene stream, 14, is 
passed directly to the ethylbenzene reactor, 19, as shown by the dotted line, 1 4a. 

E:?g:ample 1 

This example illustrates an integrated slurry loop polyethylene process for the 
production of polyethylene according to the process of Figure 2. 
The slurrj' loop polyethylene process is operated at an ethylene conversion of 80%. 
The compositions of the respective streams in the process are given in Table 1. 



TABLE 1: 



oiream iNumoer ^rig ^) 


X nncipie componenis 


volume oi component 






Civil otnn^ npr anmim^ 


1 






2 


Oxygen 


466 


3 


Ethane 


336 




Ethylene 


80 




C3+ compoimds 


50 


6 


Water and 
C5+ compoimds 


378 


8 


Carbon dioxide and water 


86 


10 


Hydrogen, carbon 
monoxide and methane 


352 


12 


C3+ compounds 


50 


14 


Ethane 


336 




Ethylene 


400 


16 


Polyethylene 


320 


17 


Ethane 


336 




Ethylene 


80 



The stream comprising C3+ compounds (stream 12) comprises predominantly 
propane (9wt%), propylene (50wt%), butanes (9wt%), butenes (7wt%) and butadiene 
(24wt%), with the remainder (approximately lwt%) being C5+ hydrocarbons (including 
aromatics). 
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Example 2' 

This example illustrates an an integrated polyethylene and ethyl benzene process 
for the production of polyethylene and ethyl benzene according to the process of Figure 
5. 

The gas phase polyethylene process is operated at an ethylene conversion of 
approximately 78%, and the ethyl benzene process at an ethylene conversion of 
approximately 100%. 

The compositions of the respective streams in the process are given in Table 2. 



TABLE 2: 



Stream Number fFio: 




vulume ox component 
(kilotons per annum) 


1 


£rLaane 


759 


2 




Hoy 




Ethane 


^ 

335 




i^J-r compounds 


67 


o 


Water 


373 








8 


Carbon dioxide 


32 




Water 


20 


10 


Hydrogen 


16 




Carbon monoxide 


204 




Methane 


133 


12 


C3-I- compounds 


67 


14 


Ethane 


335 




Ethylene 


400 


16 


Polyethylene 


310 


17 


Ethane 


335 




Ethylene 


90 


18 


Benzene 


244 


20 


Ethylbenzene 


334 


21 


Ethane 


335 
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